Introduction {#S0001}
============

Breast cancer (BC) is the most common cancer in women worldwide.[@CIT0001],[@CIT0002] Mastectomy is indicated for clinical stage-I and -II BC with tumors not involving the chest-muscle fascia. In Beijing, China, 63.97% of BC patients underwent modified radical mastectomy from 2006 to 2015.[@CIT0003]

Modified radical mastectomy (MRM) involves removal of the whole breast: the skin, areola, nipple, and most axillary lymph nodes. During mastectomy, some of the nerves in the chest are severed. Most women have some level of pain in the days after the procedure. Severe acute postoperative pain following breast surgery not only increases the risk of persistent pain and affects recovery, it also leads to longer hospitalization and increased healthcare costs.[@CIT0004]--[@CIT0006] Recent studies have shown that a pectoral nerve block can provide a good analgesic effect for pain after BC surgery.[@CIT0007],[@CIT0008]

Ultrasound-guided interfacial plane blocks, including pectoral nerve block type I ("PECS I Block") and type II ("PECS II Block"), are novel approaches for blocking the pectoral nerves, long thoracic nerves, and intercostal nerves in the third-to-sixth intercostals, as introduced first by Blanco and colleagues in 2011.[@CIT0009] Unlike paravertebral, epidural and thoracic paravertebral blocks, PECS Blocks do not lead to sympathetic blockade, hypotension, pneumothorax, or spinal-cord trauma.[@CIT0006],[@CIT0010]

Little is known about the effects of different concentrations of ropivacaine in the PECS II Block after MRM. In the present study, our main objective was to compare the efficacy of 0.2%, 0.3%, and 0.4% ropivacaine in an ultrasound-guided PEC Block as analgesia during a 48-h period after MRM. Our secondary aim was to investigate whether the PEC Block reduced the amount of anesthetics used intraoperatively.

Patients and Methods {#S0002}
====================

Ethical Approval of the Study Protocol {#S0002-S2001}
--------------------------------------

The study protocol was approved by the ethics committee of the Affiliated Hospital of Guilin Medical University (Guilin, China) and registered in the Chinese Clinical Trial Register (ChiCTR-1800017955). The clinical trial was registered before patient enrollment. The principal investigator was Wei Deng, and the date of registration was 24 August 2018. All participants provided written informed consent before study enrollment. This trial was conducted in accordance with the Declaration of Helsinki.

Participants {#S0002-S2002}
------------

From September 1, 2018 to February 1, 2019, 132 middle-aged and older women with BC who were scheduled for MRM (without immediate reconstruction or tissue expansion) in the Affiliated Hospital of Guilin Medical University were enrolled in the present study. The inclusion criteria were an American Society of Anesthesiologists score of I or II and age between 35 years and 73 years. The exclusion criteria were a bleeding disorder, coagulation abnormality, skin infection, spine/chest deformity, pregnancy or allergy to medication.

Patients were assigned to four groups: control, 0.2% ropivacaine (R~0.2%~), 0.3% ropivacaine (R~0.3%~) or 0.4% ropivacaine (R~0.4%~). Patients in the control group were treated with general anesthesia without the PECS II Block. Patients in the R~0.2%~, R~0.3%~, and R~0.4%~ groups received general anesthesia plus the PECS II Block. Eligible participants were allocated randomly to four groups according to computer-generated random numbers. An opaque envelope with the codes for group assignments was handed to the consultant anesthetist, who then undertook the nerve block according to the group assignment.

General Anesthesia and PECS II Block {#S0002-S2003}
------------------------------------

After patients had been taken to the preoperative area, measurements (pulse oximetry, electrocardiography (ECG), blood pressure) were carried out. Anesthetic management followed a standard protocol. Induction of anesthesia was started with pre-oxygenation for 3 min and intravenous injection of midazolam (0.05 mg/kg bodyweight), sufentanil (0.5 µg/kg), propofol (2 mg/kg), and cisatracurium (0.15 mg/kg). A laryngeal mask was used to complete the airway. Ventilation was set with positive pressure to maintain an end-tidal level of carbon dioxide \~35 mmHg.

After the induction of general anesthesia, the patient was placed supine facing towards the contralateral side. She was kept supine with the ipsilateral upper limb in the abducted position, and the midaxillary line and chest were disinfected. A high-frequency linear ultrasound probe (M-Turbo; SonoSite, Bothell, WA, USA) was placed below the lateral third of the clavicle for identification of the pectoralis major and pectoralis minor muscles. First, the linear ultrasound probe was placed cephalocaudally in the infraclavicular region and then moved laterally to locate the axillary vessels directly above the first rib. A 90-mm needle (UniPlex NanoLine; Pajunk, Geisingen, Germany) was inserted directly into the fascial plane between the pectoralis major and pectoralis minor muscles. Then, 20 mL of ropivacaine was injected (the local anesthetic was injected incrementally with intermittent aspiration of blood). The ultrasound probe was placed laterally in an oblique manner towards the axilla for identification of the serratus anterior muscle (which presents at the level of the third rib). The needle was reinserted into the fascial plane between the pectoralis minor muscle and serratus anterior muscle, and another 20 mL of ropivacaine was injected.[@CIT0007],[@CIT0011]

Anesthesia was maintained by an independent anesthesiologist blinded to the allocations of patient groups. We employed 2% sevoflurane with 50% oxygen, remifentanil (0.1--1 µg/kg.min) and propofol (50--150 µg/kg.min) to maintain anesthesia. In addition, cisatracurium (0.15 mg/kg) was administered according to the surgical protocol. The dose of anesthetics was adjusted to maintain the blood pressure within ±20% of the baseline value. An additional amount of remifentanil (0.1--1.0 µg/kg.min) was injected (i.v.) as needed. If the blood pressure decreased by \>20% from the baseline value, 250 mL of 0.9% (physiologic) saline and ephedrine (0.1 mg/kg) were given. If the heart rate decreased by \>20% of the baseline value, atropine (0.01 mg/kg) was given. At the end of MRM, the effect of cisatracurium was reversed by neostigmine (0.05 mg/kg) and atropine (0.02 mg/kg).

Heart rate, systolic blood pressure, diastolic blood pressure, oxygen saturation, and end-tidal carbon dioxide were recorded before the start of MRM, upon skin incision, and every 5 min during MRM. The duration of the surgical procedure and anesthesia, recovery time (i.e., the time from waking to leaving the resuscitation room), amount of fluid in and out, as well as the type and dose of opioids used were also recorded.

Pain Assessment {#S0002-S2004}
---------------

Pain was assessed according to a standard numeric rating scale (NRS) with 0 indicating "no pain" and 10 indicating "extreme pain". Patients were asked to place a marker along the linear scale to indicate their level of pain.

Rescue analgesia was provided by nursing staff who were blinded to the study protocol when the patient complained of pain and having a NRS score \>3 at rest. Tramadol (2 mg/kg, i.v.) was the rescue analgesic in all groups. A maximum of four doses were given in 24 h. The total analgesic requirement (tramadol consumption) during the first 24 h after surgery was recorded.

For each patient, the NRS score 3, 6, 12, 24 and 48 h after MRM, as well as the prevalence of nausea, vomiting, and limb paresthesia, were recorded while at rest (i.e., immobile in bed) and active (i.e., moving in or out of bed). Patient satisfaction was assessed and recorded 48 h after surgery. Parameters were observed and recorded by another researcher who was not informed of group allocations.

Primary Outcomes and Secondary Outcomes {#S0002-S2005}
---------------------------------------

The primary outcomes were the NRS score 3, 6, 12, 24 and 48 h after surgery, time that pain was first felt after MRM, the total analgesic requirement (tramadol consumption) during the first 24 h, and total number of complaints during 3, 6, 12, 24 and 48 h. The secondary outcomes were the dose of remifentanil and propofol administered and the satisfaction score of patients (1--10, whereby 10 is the highest).

Statistical Analyses {#S0002-S2006}
--------------------

The sample size was based on a preliminary experiment in which the NRS score for pain at rest 24 h after surgery in the R~0.2%~ group (n = 10 patients) was 2.50±0.78, whereas the NRS score in the R~0.4%~ group (n = 10 patients) was 1.23±0.43. The test level α was taken as 0.05, with Z~0.05/2~ = 1.96. The power level 1-β was taken as 0.8, with Z~0.2~ = 0.84. Therefore, a sample size of 30 was required in each group. Assuming that 10% of patients would drop out, 33 cases were recruited for each group.

Data were evaluated by an independent analyst blinded to the allocations of patient groups. Statistical analyses were done using SPSS v25.0 (IBM, Armonk, NY, USA). Continuous variables are expressed as the mean ± SD. Differences were assessed using one-way analysis of variance (ANOVA). The prevalence of nausea, vomiting, and limb paresthesia is presented as a percentage, and differences among groups were evaluated using the chi-square test. Pairwise comparison of one-way ANOVA was made using post hoc analysis and the Student--Newman--Keuls *Q*-test. The corrected P-value was obtained directly, and the cutoff value was 0.05.

Results {#S0003}
=======

One hundred and thirty-two patients were screened for eligibility for inclusion in the present study, and the consort diagram is shown in [Figure 1](#F0001){ref-type="fig"}. Ultimately, 120 women were included in the final analysis. The demographic features of patients in the four treatment groups are described in [Table 1](#T0001){ref-type="table"}.Table 1Basic Characteristics of Patients in the Four Groups (n = 30 for Each Group)ControlR~0.2%~R~0.3%~R~0.4%~PAge (years)47.5±10.049.4±12.046.3±9.152.6±9.70.444Height (cm)155.4±4.2155.1±3.2154.6±3.6154.4±3.80.741Weight (kg)56.6±8.656.0±5.855.2±7.455.7±7.20.906Procedure duration (min)141.4±31.2139.7±35.3138.8±42.0139.7±48.90.995Duration of anesthesia (min)178.8±58.7161.1±34.0165.7±43.7163.9±56.20.517ASA class I (n/%)12 (40%)13 (43.3%)14 (46.7%)15 (50%)--ASA class II (n/%)18 (60%)17 (56.7%)16 (53.3%)15 (50%)--[^2] Figure 1Consort diagram for the study.

R~0.2%~, R~0.3%~ and R~0.4%~ groups showed significant differences in the dose of propofol and remifentanil used compared with that in the control group (P \< 0.05 for all comparisons). R~0.3%~ and R~0.4%~ groups showed significant differences in the dose of propofol and remifentanil used compared with that in the R~0.2%~ group (P \< 0.05 for all comparisons), No significant differences in the duration of the surgical procedure (P = 0.995) or duration of anesthesia (P = 0.517) were observed among the four groups, and there was no significant difference between the R~0.3%~ group and R~0.4%~ group. The recovery time in all three ropivacaine groups was \~10-min shorter than that in the control group (P \< 0.05 for all comparisons). The recovery time in the R~0.3%~ group and R~0.4%~ group differed significantly from that in the R~0.2%~ group (P \< 0.05 for all comparisons) but there was no significant difference between the R~0.3%~ group and R~0.4%~ group ([Table 2](#T0002){ref-type="table"}).Table 2Analgesic Use After Surgery and Recovery Time in the Four Groups (n =30 in Each Group)ControlR~0.2%~R~0.3%~R~0.4%~χ^2^PRemifentanil (µg)1371.3±490.2445.7±120.9244.7±95.4235.3±94.4127.9780.000Propofol (mg)673.7±209.4479.0±78.4342.0±82.1323.7±96.745.4530.000Recovery time (min)31.37±3.0122.50±0.9421.53±1.3621.03±1.24209.6060.000[^3]

The NRS score recorded at different times after surgery in the four groups is presented in [Figure 2](#F0002){ref-type="fig"}. The postoperative NRS score in the R~0.2%~ group, R~0.3%~ group and R~0.4%~ group 12, 24, and 48 h after surgery when patients were at rest or active was significantly lower than that in the control group (P \< 0.05 for all comparisons). The NRS score in the R~0.3%~ group and R~0.4%~ group 12, 24, and 48 h after surgery when patients were at rest or active was significantly lower than that in the R~0.2%~ group (P \< 0.05 for all comparisons). The postoperative NRS score did not differ significantly between the R~0.3%~ group and R~0.4%~ group.Figure 2NRS score at different times after surgery in the four groups. (**A**) NRS score when patients were at rest. (**B**) NRS score when patients were active. \*P\<0.05 compared with R~0.2%~, R~0.3%~ and R~0.4%~ groups, ^\#^P\<0.05 compared with R~0.3%~ and R~0.4%~ groups.

The time when pain was first felt after MRM and total number of complaints during 3, 6, 12, 24 and 48 h in the three ropivacaine groups were lower than those in the control group and R~0.2%~ group (P \< 0.05 for all comparisons) and there was no significant difference between the R~0.3%~ group and R~0.4%~ group. The total analgesic requirement (tramadol consumption) in the R~0.3%~ group and R~0.4%~ group within 24 h after surgery was significantly lower than that in the control group and R~0.2%~ group (P \< 0.05 for all comparisons) ([Figure 3](#F0003){ref-type="fig"}), and there was no significant difference between the R~0.3%~ group and R~0.4%~ group. Compared with that in the control group, the satisfaction score in the ropivacaine groups 48 h after surgery was greater by \>30% (P \< 0.05 for all comparisons) ([Figure 3](#F0003){ref-type="fig"}). Moreover, compared with that in the R~0.2%~ group, the postoperative satisfaction score in the R~0.3%~ and R~0.4%~ groups was \>20% better ([Figure 3](#F0003){ref-type="fig"}).Figure 3(**A**) Total number of complaints during 3, 6, 12, 24 and 48 h. (**B**) Time that pain was first felt after surgery. (**C**) Total tramadol consumption (mg) in 24 h. (**D**) Satisfaction score in the ropivacaine groups 48 h after surgery. \*P\<0.05 compared with R~0.2%~, R~0.3%~ and R~0.4%~ groups, ^\#^P\<0.05 compared with R~0.3%~ and R~0.4%~ groups.

The prevalence of postoperative nausea in the R~0.2\ %~, R~0.3%~ and R~0.4%~ groups was lower than that in the control group (P \< 0.05 for all comparisons), but the prevalence of vomiting did not differ significantly among the four groups (P = 0.128) ([Table 3](#T0003){ref-type="table"}). None of the patients reported limb paresthesia.Table 3Prevalence of Adverse Events in the Four Groups (n = 30 in Each Group)ControlR~0.2%~R~0.3%~R~0.4%~χ^2^PNausea (n/%)11 (36.67%)4 (13.33%)3 (10%)4 (13.33%)9.1280.028Vomiting (n/%)8 (26.67%)4 (13.33%)2 (6.67%)3 (10%)5.6880.128Limb paresthesia (n/%)0000----[^4]

Discussion {#S0004}
==========

This prospective, double-blinded, randomized study was carried out to find the appropriate concentration of ropivacaine for the PECS II Block. We found that 40 mL of 0.3% ropivacaine reduced pain and increased patient satisfaction. The highest concentration of ropivacaine (0.4%) did not provide a significant advantage with regard to postoperative analgesia using the PECS II Block.

The postoperative NRS score in the R~0.3%~ group and R~0.4%~ group was significantly lower than that in the R~0.2%~ group. We cannot state that the difference in pain was clinically relevant using only the NRS score because the difference in the NRS score was only 2 points. Nevertheless, compared with the R~0.2%~ group, the R~0.3%~ group showed values of 94.05%, 81.4%, and 75.77% for the time when pain was first felt after MRM, the total number of complaints, and total analgesic requirement (tramadol consumption), respectively. The R~0.4%~ group showed values of 94.64%, 81.4%, and 78.96%, for the time pain was first felt after MRM, the total number of complaints, and total analgesic requirement (tramadol consumption), respectively. The R~0.3%~ group did not show a significant difference for the prevalence of the time when pain was first felt after MRM, the total number of complaints, or total analgesic requirement (tramadol consumption) compared with that in the R~0.4%~ group. These data suggested a true clinical difference in pain between the patient groups undergoing the PECS II Block. Therefore, from a clinical viewpoint, 0.3% ropivacaine may provide efficacious analgesia for patients during and after MRM.

Pectoral nerve blocks have been shown to provide efficacious analgesia after breast surgery. In the PECS I Block, anesthetic is injected only into the fascial plane between the pectoralis major and pectoralis minor muscles to block the medial and lateral pectoral nerves that innervate the pectoralis muscles. In the PECS II Block, an additional injection of local anesthetic is administered in the plane between the pectoralis minor and serratus anterior muscles. The aims of the PECS II Block are blockade of the lateral and median pectoral nerves at an inter-fascial plane between the pectoralis major and pectoralis minor muscles, long thoracic nerve, thoracic intercostal nerves from T2 to T6, and thoracodorsal nerve. An ultrasound-guided PECS II Block is safer, easier and faster to operate, and has longer analgesia than a paravertebral nerve block or epidural nerve block in MRM for BC.[@CIT0012]--[@CIT0015] The PECS II Block guided by ultrasound applied to MRM can not only reduce intraoperative use of opioids, it has less of an effect on hemodynamics. Thus, for patients with hypertension and coronary heart disease undergoing BC surgery, this strategy greatly reduces the risk of anesthesia, risk of postoperative complications, and improves the postoperative quality of life of patients. However, whether this strategy can lower the prevalence of persistent pain after BC treatment is not known. Recent studies have shown that the PECS II Block can prevent chronic pain 3 months after breast surgery.[@CIT0016] Few scholars have focused on application of the PECS II Block and its effect on persistent pain after BC treatment.

Our study demonstrated that reduction of pain after MRM through a PECS II Block with ropivacaine was dependent upon the ropivacaine concentration, and that 0.2% ropivacaine could not offer efficacious analgesia for MRM. Forty milliliters of ropivacaine was used to cover the entire pectoral nerve block. Studies have shown that 40 mL of ropivacaine is safe for nerve blockade,[@CIT0017] and we found no adverse reactions using this volume.

However, when the ropivacaine concentration was increased to 0.3% and 0.4%, the postoperative NRS score 12, 24, and 48 h after MRM when patients were at rest or active was significantly lower than that in the R~0.2%~ group. Yamada et al[@CIT0018] and Taha et al[@CIT0019] demonstrated that ropivacaine had a concentration-dependent analgesic effect. Yinglan and colleagues showed that increasing the ropivacaine concentration under the same volume in ultrasound-guided regional anesthesia resulted in a progressive increase in the analgesic effect,[@CIT0020] but 0.4% ropivacaine did not show a better analgesic effect than 0.3% ropivacaine. Increasing the plasma concentration of ropivacaine may increase the risk of a toxic reaction. Research has shown that, in a transverse facial nerve block, in terms of efficacy and safety, use of 0.375% ropivacaine is preferred and improves the degree of satisfaction 24 h after surgery. The findings stated above are similar to our observations. The safe and efficacious concentration of ropivacaine used in a reverse facial nerve block by Sun and colleagues is close to the one that we used.[@CIT0021] Another study found that, in the supraclavicular brachial plexus block, ultrasound-guided double-injection of ropivacaine (0.257% *w/v*; 40 mL) could provide successful blockade of the brachial plexus in 90% of middle-aged adults with normal body habitus.[@CIT0017] Thus, 0.3% ropivacaine may be better than 0.4% ropivacaine when used in patients undergoing MRM.

Some studies have shown that visual analog scale (VAS) pain scores at rest and while active during the first 24 h after surgery reveal obvious pain, and that the heart rate and blood pressure are increased significantly.[@CIT0022]--[@CIT0024] We found that the peak of pain after MRM occurred from 24 h to 48 h. Notably, pectoral nerve blockade has been found to be easy to carry out under ultrasound guidance,[@CIT0025]--[@CIT0027] and that the only complication is hematoma.[@CIT0015],[@CIT0028]

Our study had three main limitations. First, we did not give a sham block to the control group because of the ethical considerations of giving an injection without administering a therapeutic drug. Second, we adjusted the demand for preoperative remifentanil in the experiments, but the Bispectral Index was not measured, which caused a biased in our study. Remifentanil was used in all four groups, and remifentanil is likely to cause opioid-induced hyperalgesia in patients and, in the control group, it was likely to increase the demand for pain medication after MRM. Third, the study cohort was only 30 patients; a high-powered study with many more patients is needed to confirm our findings.

Conclusions {#S0005}
===========

A dose of 0.3% ropivacaine was found to be the optimal concentration for a PECS II Block for patients undergoing MRM because it provided efficacious analgesia during and \>48 h after MRM. Increasing the ropivacaine concentration did not improve the analgesia of the PECS II Block significantly.
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======================
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